I Mil DMIIU Hi Dill III 111 dill ilfl mi un 10 Mill IUI llll II 

US006714776B1 

(12) United States Patent ao) Patent No.: us 6,714,776 bi 

Birleson (45) Date of Patent: Mar. 30, 2004 



(54) SYSTEM AND METHOD FOR AN IMAGE 

REJECTING SINGLE CONVERSION TUNER 
WITH PHASE ERROR CORRECTION 

(75) Inventor: Stanley Vincent Birleson, West 
Tawakoni, TX (US) 

(73) Assignee: Micro tune (Texas), L.P., Piano, TX 
(US) 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 0 days. 

(21) Appl. No.: 09/407,734 

(22) Filed: Sep. 28, 1999 

(51) Int. CI. 7 H04B 1/12 

(52) U.S. CI 455/302; 455/304; 455/315; 

455/324 

(58) Field of Search 455/296, 302, 

455/303, 304, 310, 311, 324, 315, 209; 

375/346 

(56) References Cited 



U.S. PATENT DOCUMENTS 



4,476,585 


A 


* 10/1984 


Reed 


4,581,643 


A 


4/1986 


Carlson 


4,584,710 


A 


* 4/1986 


Hansen 


4,726,072 


A 


2/1988 


Yamashita et al. 


4,742,566 


A 


5/1988 


Nordholt et al. 


4,814,715 


A 


* 3/1989 


Kasperkovitz 


4,953,182 


A 


♦ 8/1990 


Chung 


4,979,230 


A 


12/1990 


Marz 


5,038,404 


A 


8/1991 


Marz 


5,060,297 


A 


10/1991 


Ma et al. 


5,140,198 


A 


8/1992 


Atherly et al. 


5,200,826 


A 


4/1993 


Seong 


5,303,417 


A 


4/1994 


Laws 


5,311,318 


A 


5/1994 


Dobrovolny 


5,321,852 


A 


6/1994 


Seong 


5,371,902 


A 


* 12/1994 


Marz 


5,390,346 


A 


2/1995 


Marz 



455/209 



455/304 



329/50 
455/324 



455/314 



455/304 



FOREIGN PATENT DOCUMENTS 

EP 0305603 A 3/1989 H03D/1/22 

EP 0883237 A 12/1998 H03D/3/00 

GB 2296613 A 7/1996 H03D/7/18 

OTHER PUBLICATIONS 

Meyer, Robert G. "A 1-GHz BiCMOS RF Front-End IC." 
IEEE Journal of Solid-State Circuits; vol. 29 No. 3 (Mar. 
1994): 350-355. 

(List continued on next page.) 

Primary Examiner — Nay Maung 

Assistant Examiner— Philip J. Sobutka 

(74) Attorney, Agent, or Firm — Fulb right & Jaworski L.L.P. 



(57) 



ABSTRACT 



A system and method for a single conversion tuner which 
generally uses phase shifted in-phase and quadrature -phase 
signal paths as an image rejection circuit. Through the use of 
broadband input LNA and mixer circuits, substantially the 
entire input signal bandwidth may be processed in the tuner. 
The broadband input LNA may pass the signal through to the 
mixers, which may split the signal into in-phase and quadra- 
ture terms. Then the in-phase term may be shifted by plus 45 
degrees and the quadrature may be shifted by minus 45 
degrees. When the terms are subsequently summed together, 
the desired signal components add together, while the undes- 
ired image components subtract from each other. In this way 
the image signal is suppressed, thus generally eliminating 
the need for a notch filter. A phase error correction feedback 
loop may be implemented to compensate for errors between 
the separate circuit paths. The feedback loop may use a test 
signal to monitor the phase error between the in-phase and 
quadrature circuit paths, and may correct for the phase error 
by shifting the phase of the LO signal sent to one or both of 
the broadband mixers. The feedback loop thus generally 
corrects for any phase errors introduced by the image 
rejection circuitry. The test signal preferably comprises two 
test tones located slightly out of band from and on either side 
of the image channel. 
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SYSTEM AND METHOD FOR AN IMAGE 
REJECTING SINGLE CONVERSION TUNER 
WITH PHASE ERROR CORRECTION 



TECHNICAL FIELD 

This invention relates generally to tuners, and more 
specifically to a system and method for a tuner which uses 
a single conversion to reduce a radio frequency input to a 
standard intermediate frequency signal. 

BACKGROUND 

Television tuners generally convert a radio frequency 
("RF") input into a standard intermediate frequency ("IF') 15 
signal in preparation for further processing of the signal. 
Standard television sets typically use single conversion 
tuners to perform the conversion, while higher performance 
systems, such as set top boxes, typically use dual conversion 
tuners to perform the conversion. In the prior art, dual 2Q 
conversion tuners generally provide higher performance, but 
use more components and are more expensive than single 
conversion tuners. Although single conversion tuners gen- 
erally provide lower performance than dual conversion 
tuners, single conversion tuners are desirable in that they 2S 
generally use less parts and are less expensive. For example, 
a single conversion tuner uses only a single phase lock loop 
for providing a single local oscillator ("LO") reference 
signal, as opposed to a dual conversion tuner, which requires 
two LOs. As another example, a single conversion tuner uses 3Q 
only a single IF filter and mixer for the conversion, whereas 
a dual conversion tuner requires two IF filters and two 
mixers for the conversion. 

Prior art single conversion tuners are generally designed 
to process a narrow range of frequencies at any one time. 35 
This is accomplished through the use of a tracking filter on 
the front end of the tuner. As the receiver is tuned across the 
frequency band during a channel change, the tracking filter 
is tuned to allow only a few channels to pass into the tuner. 
As a result, the tuner circuit has to provide good response ^ 
characteristics for only a few channels at a time, instead of 
over substantially the entire bandwidth. For example, in a 
cable television system the tuner would allow only a few 
channels to enter the receiver front end, instead of the full 
100 or more channels in the total cable set. The cable 45 
channels may be at full strength of about 15 dBmV. The 
tracking filter beneficially reduces the dynamic range 
required in the front end of a conventional receiver. 

There are several problems, however, associated with 
using a tracking filter in prior art single conversion tuners. 50 
Sometimes the tracking filter is located after an input low 
noise amplifier ("LNA"), which controls the input signal 
level, but more typically the tracking filter is divided into 
two sections, one part preceding the LNA and a second part 
following the LNA. The tracking filter generally must track 55 
the input frequency as the tuner is being tuned, and it is 
difficult to maintain good flatness, bandpass and signal 
rejection characteristics across the entire band. 

In addition, in a single conversion tuner the LO is 
generally in-band, in that it is inside the frequency range of 60 
the overall number of channels received by the tuner. For 
example, if the tuner is tuned to channel 2 at 55.25 MHZ, the 
LO frequency is 45.75 MHZ above that, and the image 
frequency is located 45.75 MHZ above the LO. Therefore 
any undesired input which is in-band around that frequency 65 
(within about 6 MHZ) will pass through and be put on top 
of the desired signal. Therefore a tracking filter generally 



requires the use of a notch filter for suppressing the image 
frequency. This bandpass and rejection network which 
tracks the input and rejects the image frequency is undesir- 
able because of its limited performance. In contrast, dual 
conversion tuners generally do not require the tracking filter 
or the notch filter. 

A further disadvantage of having an in-band LO is that the 
oscillator frequency may leak out of the tuner into the 
broadcast medium. This may be especially problematic in a 
cable system, where the leaked LO signal may corrupt 
another channel where the LO is present. 

Furthermore, the bandpass and rejection network gener- 
ally requires relatively high voltage varactors to tune the 
network. Single conversion tuners thus typically require 
about 28 or 32 volts for the proper tuning of the bandpass 
and rejection network in the front end. This high voltage 
supply requirement is another undesirable feature of prior art 
single conversion tuners. Quite often, the tuning range of the 
varactors requires dividing the RF input spectrum into 
multiple bands. Typically, the input tracking filter is divided 
into three sections, as described in U.S. Pat. No. 4,598,425 
entitled All-channel Television Tuning System, which patent 
is incorporated herein by reference. 

SUMMARY OF THE INVENTION 

There is therefore a need for a tuner with the benefits of 
a single conversion tuner, e.g., lower cost, along with the 
higher performance of a dual conversion tuner. 

These and other objects, features and technical advan- 
tages are achieved by a system and method for a single 
conversion tuner which generally does not require a front 
end tracking filter. Through the use of broadband input LNA 
and mixer circuits, substantially the entire input signal 
bandwidth may be processed in the tuner. The broadband 
input LNA may pass the signal (together with the image) 
through to the mixers, which may split the signal into 
in-phase ("I") and quadrature-phase ("Q") terms. Then the 
in-phase term may be shifted by plus 45 degrees and the 
quadrature -phase term may be shifted by minus 45 degrees. 
When the terms are subsequently summed together, the 
relative phase shifts cause the desired signal components to 
add together and the undesired image components to sub- 
tract from each other. In this way the image signal is 
suppressed, thus generally eliminating the need for a notch 
filter. 

Because the signal is split and each portion travels 
through a separate circuit path, differences in the circuit 
paths, such as unmatched circuit components, may introduce 
errors, such as phase errors, when the signal components are 
subsequently combined. Therefore an error correction feed- 
back loop may be implemented to compensate for these 
errors. The feedback loop may use a test signal to monitor 
the phase error between the in-phase and quadrature circuit 
paths, and may correct for the phase error by shifting the 
phase of the LO signal sent to one or both of the broadband 
mixers. The feedback loop thus generally corrects for any 
phase errors introduced by the image rejection circuitry. 

A single conversion tuner in accordance with the present 
invention comprises image rejection circuitry comprising 
separate I and Q signal paths, wherein the I and Q signals are 
phase shifted and summed to substantially cancel an image 
channel from the signals, and phase error correction circuitry 
for measuring a phase error between the I and Q signal paths 
and adjusting the relative phase of the I and Q signal paths 
to substantially remove the phase error. The tuner may 
further comprise an injection test signal comprising first and 
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second test tones, the first test tone having a frequency FIG. 3 is a high level block diagram of a gain control 

slightly lower and out of band from the image channel, and circuit for use in the single conversion tuner of the present 

the second test tone having a frequency slightly higher and invention; and 

out of band from the image channel, wherein error mea- FIG. 4 is a graph illustrating the frequency relationship of 

surements generated by the first and second test tones are 5 the selected channel, the image channel, and the test signals, 
averaged together to correct the phase error. 

A single conversion method of converting a received RF DETAILED DESCRIPTION 

signal into an IF output signal in accordance with the present FIG. 1 depicts a high level electrical block diagram of a 

invention comprises splitting the received RF signal into prior art single conversion tuner and demodulator, which 

separate I and Q signal components, phase shifting the I and 10 have generally become known in the industry as "multime- 

Q signal components, summing the I and Q signal compo- dia tuners." Such a multimedia tuner is simply referred to as 

nents to generate the IF output signal, wherein an image a "tuner" herein. Television tuner 100 is constructed in a 

channel is substantially canceled from the IF output signal, single metallically shielded assembly containing a printed 

measuring a phase error between the I and Q signal com- circuit board on which all of the associated tuner compo- 

ponents; and adjusting the relative phase of the I and Q *5 nents arc mourjtea « and electrically connected. TV tuner 100 

signal components to substantially remove the phase error. is designed to be a module mounted on other printed circuit 

The method may further comprise an injection test signal boards to allow for direct connection of the input and output 

comprising first and second test tones, the first test tone signals to their appropriate terminations within the television 

having a frequency slightly lower and out of band from the receiving system. The metal shield is used to keep undesired 

image channel, and the second test tone having a frequency 20 external signals from interfering with the operation of the 

slightly higher and out of band from the image channel, TV tuner 100 and to prevent TV tuner 100 from radiating 

wherein error measurements generated by the first and signals that interfere with the operation of external devices, 
second test tones are averaged together to correct the phase Pr i or art television tuner 100 comprises three integrated 

error * circuits: preamplifier and mixer 105, IF and baseband signal 

A technical advantage of one aspect of the present inven- 25 processor 110 and frequency synthesizer and Interlntegrated 

tion is that a single conversion tuner may be implemented Circuit ("I1C" or "I 2 C") bus interface 115. Television tuner 

with performance characteristics similar to those of a dual 100 also comprises a plurality of discrete components, 

conversion filter. including bandpass and image reject notch filter 104, band- 

Another technical advantage of one aspect of the present 3Q pass and image reject notch filter 112, surface acoustic wave 

invention is that a tuner input signal may be split into its I ("SAW") filter 116, video carrier filter 124, and audio carrier f / 

and Q components, shifted in phase, and recombined to phase shifter 160. j' 
enforce the desired signal while suppressing the image Television tuner 100 receives a standard television RF ; 

signal. signal from either antenna 102 or a cable system connection 

Another technical advantage of one aspect of the present 35 (not shown) through bandpass and image reject notch filter/ 

invention is that a phase error correction feedback loop 1W. The tracking and image reject notch filters of 104 limit* 

substantially eliminates any phase error differences intra- the signals entering TV tuner 100 so that a minimum number 

duced by the separate I and Q signal paths. of undesired signals exist in TV tuner 100. Filter 104j 

Another technical advantage of one aspect of the present therefore Umits the image response caused by the first mixer, 

invention is that a front end tracking filter for limiting the 40 Ascribed in more detail below. Filter 104 also attenuates 

input signal bandwidth is not required. Another technical ^ nal ^ not m ° arrow (!00 MHZ) range about thU 

advantage of one aspect of the present invention is that a sl g QaL Fl ? a11 ^ ^ own interference signals such a| 

notch filter for removing the image signal is not required. FM br °a dcas t, shortwave service signals, signals in the fl 

^ „ . , ■ , , , „ . r , intermediate frequency band and Citizen Band radio signals II 

The foregomghasoutlined ratherbroadly the features and are rejected by filter 104. V 

technical advantages of the present invention in order that 45 _ * , - . 

the detailed description of the invention that follows may be u P^phfier «» of preamplifier and nnxer 105 receives 

better understood. Additional features and advantages of the me 0Ut P ut of bandpass and mage reject notch filter 104 and 

invention will be described hereinafter which form the ra^s the signaUevel (10 dB) wUh mmimum mcrease m the 

subject of the claims of the invention. It should be appre- ?° 1S6 ^K«W«c^y8-10dB).Thcgmrfpi^pb&rlM 

ciated by those skilled in the art that the conception and 50 is controlled by automatic gain control ( AGC") 138, so that 

specific embodiment disclosed may be readily utilized as a wnen , a ^ Am P* "W* TV toner 100, overall pun 

basis for modifying or designing other structures for carry- » reduc ? d ' . re ? ultm ? m ! ess . d,st0rtI0n ID the P»«npliBer 

ing out the same purposes of the present invention. It should thtn wlthout ,he ^ a reducUon - 

also be realized by those skilled in the art that such equiva- 116 out P ut of preamplifier 106 is sent to bandpass and 
lent constructions do not depart from the spirit and scope of « K i ccl notch filter u2 > me s*™ 6 basic require- 

the invention as set forth in the appended claims. ment of minimizing the passage of potential interference 

signals. Filter 112 is external to preamplifier and mixer 105 

BRIEF DESCRIPTION OF THE DRAWING aod comprises a plurality of discrete elements, including 

capacitors, inductors and varactor diodes. 
For a more complete understanding of the present 60 The output of bandpass and image reject notch filter 112 

invention and the advantages thereof, reference is now fe theQ mt back t0 mixer m m preamplifier ^ mixer 10S . 

made to the following descriptions taken in conjunction with Mixef 108 

mixes the output of filter 112 with the output of 

the accompanying drawing, in which: a local osciUatorj freque ncy synthesizer 142, which has a 

FIG. 1 is a high level block diagram of a prior art single frequency chosen to be higher than the desired receiver 

conversion tuner; 65 carrier by 45.75 MHZ. Thus, the output of mixer 108 is 

FIG. 2 is a high level block diagram of a single conversion 45.75 MHZ. There also is an image signal due to mixer 108 

tuner according to the present invention; at 91.5 MHZ above the input frequency, which is removed 



04/06/2004, EAST Version: 1.4.1 



US 6,714,776 Bl 

5 6 

by filter 104 and filter 112. Therefore, as the frequency of IF amplifier 120 and RF preamplifier 106 to dynamically 

frequency synthesizer 142 is tuned to receive signals of adjust the gain of the TV tuner 100 for the correct level at 

different carrier frequencies, the bandpass and image reject the final output. 

filters 104 and 112 must also be tuned to properly pass only The audio signal is an FM signal which follows the same 

the desired signals and not the mixer images. 5 path as the video through video detector 122. At the output 

Frequency synthesizer 142 receives an input frequency of video detect ° r 122, the audio signal appears as a subcar- 

reference signal (usually 16 bits) and outputs the status rier at 4,5 MHZ > due 10 the fact that the audio si 8fl* { 

signals AUTOMATIC FREQUENCY CONTROL ("AFC 1 ) mt0 P nor a ? ^ tuner 100 4 5 MHZ hi S hcr in fcqu enc y 

ERROR and FREQUENCY ("FREQ") LOCK than the desired video carrier. The audio subcarrier is passed 

Additionally, a tuning signal which is used by the voltage 10 ° n 10 « ™ quadrature demodulator. The FM quadrature 

controlled oscillator ("VCO") in frequency synthesizer 142 *«? ^ a ' or B ^ n «" , 1 »™[' a " dl ° » « >nd 150 > 

is output from frequency synthesizer 142 to bandpass and a ° d a 45 MHZ) s ^ fter ' ™&° c *™ 

image reject notch filters 104 and 112. A local oscillator sl " fter u 16 ° ^ out P ut , of u aud I° ««« d detector 

signal is output from frequency synthesizer 142 to mixer "? ' S u \ b 'ff b ^, a , udl ° S1&a>1 ' WhlC ^ ,s . fil «« ed 

108 15 (30 kHz) filter 152 to remove any undesired high frequency 

J. . r _- WII _ ... , , • , M .. components. The output of lowpass filter 152 is finally 

.h , Vaw r rf ° P T m TfiH P ^ ° n t0 audi ° buff » 154. which drives an audio 

hrough SAW (surface acoustic wave) filter 116, which lifief thM ultimate , drivcs a ^ ^ ^ , 

SS? MT^f ' f ^ T ° ° ( . "! ^ 144 re «' v « SERIAL DATAand SERIAL CLOCK 

MHZ for NTSC standard) and applies a linear attenuation in • , lfe trt nrrx%riA ^ m „t m i » n A „^ ato 

- . . ' f \ . , . . inputs to provide control and update status for the pnor art 

frequency known as the Nyquist slope around the visual zu television receiver 

carrier frequency. The linear attenuation by SAW filter 116 n i_ j j • * . x. ^ j 

converts the signal from a vestigial sideband signal to one fc Bas f 1 band and ima Sf "J«* notch mtcrs 104 and ^ 

which is equivalent to a single sideband with a carrier, so typically comprise a plurahty of capacitors, inductors and 

that the frequency response of the signal after demodulation T aCt ° r dlodes * , Vldeo carner * lter 124 c °*pnses 

• a . *u • j i j. xT„, cil 1ir . is three discrete elements: an inductor and two capacitors, 

is flat over the video bandwidth. SAW filter 116 is very 2> . . ... . t F ; 

«i~ r. J* t *u a fx jd\ *u ■ * . c A\i/ au Likewise, audio earner phase snifter 160 is also comprises 

loss/ (on the order of 25 dB), so the input to SAW filter . , ' . ^ r . ¥ . \ 

iu ■ 1 rc j u i'c / * l. \ i an inductor and two capacitors. In addition to the circuit 

116 is amplified by a preamplifier (not shown) by a corre- , , , v •_«*.. 

j ■ M ' ... • « * elements shown as discrete components outside of circuit 

spondmg amount to minimize noise effects. . , „_ . *1 „ 

-.^ ■ . rn T .o elements 105, 110 and 115 in FIG. 1, other discrete com- 

^eou^ut of SAW filter 116 is m^^^ ponents (not shown) are connected to IF and baseband signal 

in IF and baseband signal processor U0. IF amplifier 120 CCSSOf uo ^ fr synthesizer 142 for tuning 

provides most of the overall gain of TV tuner 100 and purp0SCSt Frequency synthesizer 142 is typically tuned by 

receives gain control from AGC 148. extemal capacitors> varactor diodes 

The output of IF amplifier 120 is sent to video detector video buffer 136 and audio buffer 154 will also typically 

122 and is also sent off-chip to external video carrier filter 35 employ external discrete elements, such as resistors, capaci- 

124. This is the stage at which video demodulation is tors and / or transistors. Video baseband filter 130 and low 

performed. Video detector 122 is essentially a mixer with the pass fii ter («LPF') 152 may also employ extemal inductors 

local oscillator input connected to the output of video carrier and capacitors. 

filter 124 through carrier amplitude limiter 126. The output As disclosed in commonly assigned U.S. Pat. No. 5,737, 
of the carrier limiter 126 is an m-phase representation of the w 035j entit ied HIGHLY INTEGRATED TELEVISION 
video carrier signal without any modulation applied to it. tuner ON A SINGLE MICROCIRCUIT, and co-pending 
The output of carrier limiter 126 is received by video and common i y assigned U.S. patent application Ser. No. 
detector 122, which mixes the output of carrier limiter 126 08/904,908, entitled BROADBAND INTEGRATED TFT p. 
with the output of IF amplifier 120. VISION TUNER, both of which are hereby incorporated by 
AFC frequency discriminator 140 is used in the prior art 45 reference herein, a tuner may be partially or completely 
device to detect the difference between the carrier frequency integrated on a single monolithic integrated circuit substrate, 
contained in the output of carrier limiter 126 and a known Generally, it is preferable to implement all components on 
valid carrier frequency reference. The output signal on the the substrate except for the crystal, the input filter, the IF 
output of AFC frequency discriminator 140 is an error signal filters, and the sound filter. Of course, depending on the 
which is used to drive frequency synthesizer 142 in a 50 application, other components may be implemented off- 
direction that will reduce the error between the output of chip, or one or more of the above components may be 
carrier limiter 126 and the known valid carrier frequency implemented on-chip. The same principles for integrating 
reference. The output of the video detector 122 is a baseband the tuner on-chip may be applied to single or dual conver- 
video signal combined with several high frequency mixing s i G n tuners. 

artifacts. These artifacts are removed by a video baseband ss FIG. 2 depicts a high level electrical block diagram of a 

filter 130. The output of video baseband filter 130 is fed to singlc conversion tuner according to the present invention, 

synchronization pulse clamp ("sync clamp") 132, which sets ^ sing \ c conversion tuner of FIG. 2 generally replaces the 

the level of the sync pulses to a standard level. portion of RG x outlined in block 156 discussion 

Next, the output of sync clamp 132 is sent to noise above corresponding to FIG. 1 and the applications/patents 

invertor 134, which removes large noise spikes from the 60 incorporated herein provide additional detailed information 

signal. The output of noise invertor 134 is sent to video for the various similar components used in the inventive 

buffer 136, which is configured to drive fairly high circuit single conversion tuner. In addition, the various alternative 

board impedances of approximately 1000 to 2000 ohms. embodiments discussed in the applications/patents incorpo- 

The output of noise invertor 134 is also sent to AGC 138, rated herein, are generally also applicable to the present 

which compares the level of the synchronization pulses to 65 invention, along with many other embodiments. For 

the signal blanking level to measure the incoming signal example, the BROADBAND INTEGRATED TELE VI- 

strength and generates a gain control signal which is used by SION TUNER specification teaches that multiple tuners 
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may be placed on a single integrated circuit substrate, which of these components may be varied to optimize the perfor- 

concept also applies to the present invention. As another mance of the circuit. 

example, the BROADBAND INTEGRATED TELEVI- Finally, the two signals are combined in IF output summer 

SION TUNER specification also teaches that the tuner may 218 ^ then reamplified by IF output amplifier 230 to 

be used in many different applications, such as in conven- 5 duce If? ^ IF 232 aU ides a 

tional television receivers and in personal computers, which * interfacing to subsequent analog televi- 

concept also applies to Jhe present invent™. As yet another f & 4 

example, the tuner of the present invention may be used in * " . " * ^«^«»« j- . "^"J 1 " , , 

a cable modem, and may receive any combination of video, demodulators, such as that illustrated in FIG. 1, may be used 

voice, and data channels. to P rocess IF 0Ut P ut 232 ' 

In the main single path of the tuner shown in FIG. 2, Bv splitting the incoming signal into its I and Q 

broadband LNA 202 receives and amplifies RF signal 200 components, which are basically 90 degrees apart, and then 

received via coaxial cable from either an antenna or a cable adding another 90 degrees of relative phase shift to the 

system (not shown). Preferably, the tuner of the present signals, the desired signal channel components are effec- 

invention is capable of receiving signals compatible with tively placed in phase with each other and the image channel 

National Television Standards Committee ("NTSC") components are placed out of phase with each other. Thus, 

encoded video. The input frequency bandwidth of the tuner when me are "^combined, the desired signal channel 

is preferably in the 50-900 MHZ range, and more preferably * reinforced and the image signal channel is suppressed in 

in the 55^806 MHZ range, for the NTSC standard. IF si S nal out P ut 232 from out P ut amplifier 230. As can be 

Alternatively, the frequency response of the tuner may be 20 sccn in nG - 2 * thc usc of broadband components, such as 

compatible with other analog or digital transmission stan- broadband LNA 202, eliminates the need for the input 

dards such as Phase Alternate Line ("PAL"), Sequential tracking filter used in the prior art. The phase shifting 

Couleur Avec Memoire ("SECAM"), MTS, Vestigial Side accomplished via the separate I and Q signal paths then 

Band ("VSB") (such as 8-VSB), and Coded Orthogonal suppresses the image signal and eliminates the need for the 

Frequency Division Multiplexing ("COFDM"). The tuner of « rejection notch filter used in the prior art. While it is 

the present invention may be used to receive any RF signal preferable to not use an input tracking filter and an image 

band, and the channels in the RF signal band may comprise re J ect notch filter ' one or both of these filters may still be 

any type of content, such as video, voice or data. used m m alternative embodiment of the present invention. 

LNA 202 may be a variable or non-variable gain ampli- Because the I and Q signal components propagate via 

fier. The amplified RF signal from LNA 202 received by 30 separate signal paths, phase errors may be introduced into 

input summer 203. The other input to input summer is the signals by differences between corresponding elements 

described hereinafter in the discussion of the phase error m eacn path. To correct for such phase imbalances, a test 

correction circuit. The summed signal from input summer si S nal mav be fed into the signal path at input summer 203. 

203 is split and sent to broadband mixers 204 and 220. The test signal may be summed in as shown in FIG. 2, or 

Phase locked loop ("PLL") 208 is a frequency synthesizer 35 mav be switchcd m with a switch in place of input summer 

which generates an LO that is provided to LO phase shifter 203 ' Preferably, the test signal frequency is selected to be 

210. Phase shifter 210 splits the LO into two signals. The slightly out of band with respect to the image channel so that 

first signal is shifted by plus 45 degrees and sent to I signal test ma V be present even when the tuner is 

mixer 204, and the second signal is shifted by minus 45 processing the incoming signal. Because the test signal is out 

degrees and sent to Q signal mixer 220, Synthesizers and the 40 of band > il wil1 te Present in the circuit paths shown, but will 

generation of LO frequencies is described in detail io be suppressed in the SAW filter (not shown) during subse- 

co-pending and commonly assigned U.S. patent application 4 uem processing. Alternatively, the out of band test signal 

Ser. No. 08/904,907, entitled BROADBAND FRE- ma V switched in when the tuner is not processing the 

QUENCY SYNTHESIZER, which application is hereby incoming signal. 

incorporated by reference herein. Of course, it is understood 45 Most preferably, the test signal has two components, as 

that alternative means could be used to generate the LO shown in FIG. 4. Selected channel 404 and image channel 

signal, and such alternative means are within the scope of 406 are centered about LO frequency 402. The two com- 

the present invention. ponents of the test signal are lower test tone 408, which is 

I signal mixer 204 mixes the output from input summer slightly lower in frequency than image channel 406, and 

203 with the plus 45 degree shifted LO from phase shifter 50 higher test tone 410, which is slightly higher in frequency 

210 to generate an IF frequency in -phase signal component. than image channel 406. The two measured phase errors 

Q signal mixer 220 mixes the output from input summer 203 from the two test tones are averaged together to generate a 

with the minus 45 degree shifted LO from phase shifter 210 composite error that is used to minimize the phase error. Hiis 

to generate a IF frequency quadrature signal component. The preferred embodiment retains the benefit of not interfering 

outputs from mixers 204 and 220 are then sent through low 55 with the desired channel, but generally permits a more 

pass filters 212 and 222, respectively, which filter out the accurate phase error measurement because the average fre- 

frequencies above the desired IF signals. The output from I quency of the two test signal components is located in band 

signal low pass filter 212 is shifted plus 45 degrees by I with the image channel. Preferably, the average frequency is 

signal phase shifter 214, and the output from Q signal low located at or near the middle frequency of the image 

pass filter 222 is shifted minus 45 degrees by Q signal phase 60 channel. In an alternative embodiment, the test tones may be 

shifter 224. The outputs from phase shifters 214 and 224 are located slightly on either side of the selected channel instead 

then amplified by I signal amplifier 216 and Q signal of the image channel. 

amplifier 226, respectively. I signal amplifier 216 and Q In yet another alternative embodiment, the test signal is 

signal amplifier 226 may be variable or non-variable gain located in-band with the image channel, but is only injected 

amplifiers. Preferably the order of components 212, 214 and 65 into the primary signal path when the tuner is not processing 

216 in the I signal path and of components 222, 224 and 226 an incoming signal, such as during channel selection or a 

in the Q signal path is as shown in FIG. 2, although the order tuning event. In yet another alternative embodiment, the test 
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signal may be injected when the front end is turned off, for between the two LOs equals the total phase error. For 

calibration of the system without interference from any other example, if the phase error is 10 degrees, then one LO may 

signal. be shifted by +5 degrees and the other LO shifted by -5 

With reference again to FIG. 2, the test signal is generated degrees, for a total relative shift of 10 degrees. 

byafr^uencysynthesizersuchasPLL242.Preferably,PLL 5 Irj ^ altern ative embodiment, the phase error may be 

242 alternately generates two test tones one slightly lower CQrrected b ^ rdative hase of x s ^ h 

than the image ; channel band and one :sh^Uyhigher than the hase ^ 2U afld Q ^ fa hase shifter ^ 

image channel band. For example, for the NTSC transmis- f tjlo , , fUo 21™ «f rn „uL „i,- ft0¥ . ^ 1ft 

sion standard, PLL 242 would generate 40 and 48 MHZ test mstead ° f adjustmg the phase of L0 P hase sb£ter 210 

tones. Thus a test signal is provided that is about 1 MHZ 10 Io a similar manner, based on the measured phase error, 

below and about 1 MHZ above the NTSC frequencies. As test P nase error integrator 262 provides a control voltage to 

another example, for the PAL transmission standard, PLL test si S nal P hase shifter 244 to shift the relative P hase of & Q 

242 would generate 48 and 60 MHZ test tones. The test 1 and Q reference signals by the amount of measured phase 

tones are outside the image channel preferably by between error * Test si S nal P hase snifter 244 ^ adjusted to maximize 

10 MHZ and 0.1 MHZ, more preferably by between 5 MHZ 15 me tesl tone si 8 nal levels - 

and 0.2 MHZ, more preferably by between 2 and 0.5 MHZ, In operation, the phase error correction circuit preferably 

and most preferably by about 1 MHZ. alternates between holding either the output of integrator 

Test signal phase shifter 244 splits the test signal from 26Q or me output of integrator 262 fixed, while the remain- 

PLL 242 and shifts the components by plus and minus 45 m S integrator output is allowed to adjust to correct for the 

degrees to form I and Q references, respectively. The I 2 o P na ^ en ^ r - a P eriod of tim e, me integrator outpm that 

reference is mixed in I test mixer 246 with the plus 45 degree was allowed to adjust is then held fixed, and the other 

shifted LO signal output from LO phase shifter 210. The Q integrator output is allowed to adjust its phase error correc- 

reference is mixed in Q test mixer 248 with the minus 45 tion - In this wav > only one of the two correction loops 

degree shifted LO signal output from LO phase shifter 210. actively closes in on its optimum error correction at a time. 

The LO from PLL 208 is preferably tuned to the center of 2 5 '° oae preferred embodiment of the present invention, 

the selected channel, or alternatively to the center of the integrators 260 and 262 may retain the latest correction 

band, so that mixing it with the IF test signal generates a test value generated for storage while the test signal is not being 

RF input after the signals from mixer 246 and mixer 248 are run through the primary signal paths. For example, integra- 

combined by test signal summer 250. The output from test tors 260 and 262 may each comprise an analog-to-digital 

signal summer 250 is therefore alternately a single tone 1 30 converter, a hold circuit for storing the digital value, and a 

MHZ below and 1 MHZ above the channel that is selected. digital-to-analog circuit for converting the digital value back 

This signal is set to the proper level by test signal attenuator into an analog signal. This would allow a constant correction 

252, and then injected into the main signal path via input to be applied even if a test signal is not currently being 

summer 203. generated. 

The test signals then travel down the primary signal paths 35 While the correction of phase errors has been discussed in 

all the way through amplifiers 216 and 226, where the detail, there may be other types of errors present in the signal 

signals pick up the phase errors between the two primary paths, and the correction of these other errors is understood 

signal paths. These test signals bearing the phase errors are to be within the scope of the present invention. For example, 

mixed with the originally split I and Q references from phase there may be DC offset errors present in the circuit. While 

shifter 244 in I and Q error signal mixers 254 and 256, which 40 other methods may be used, these errors can be corrected 

are recombined and passed through low pass filter 258 to simply by inserting AC coupling prior to summation of the 

remove high frequency components and isolate the error I and Q signals in output summer 218. As another example, 

signal. The output of LPF 258 is integrated in primary phase there may be amplitude imbalances between the two primary 

error integrator 260 to create a phase error term which signal paths. As a particular example, if there is a different 

represents the phase error between the two primary signal 45 amount of gain between amplifiers 216 and 226, then when 

paths. Based on the phase error, integrator 260 provides a the two signals are combined the image signal may not 

control voltage to LO phase shifter 210, from which the completely cancel out. In any case, a gain correction loop 

primary LO is provided to primary mixers 204 and 220. The may be used to equalize the gain of the two primary signal 

control voltage is used to correct for the measured phase paths. 

error by shifting the relative phase of the outputs of phase 50 The portion of the tuner circuit from FIG. 2 associated 

shifter 210 by the measured error. Preferably, the test tones with I amplifier 216 and Q amplifier 226 is shown in FIG. 

are located near the image channel, and LO phase shifter 210 3, together with gain correction loop 300. The output of I 

is adjusted to minimize the test tones and thus minimize the amplifier 216 is fed through AC coupling capacitor 302, and 

image channel. Alternatively, if the test tones are located then through a peak detection circuit consisting of diode 304 

near the selected channel, LO phase shifter 210 is adjusted 55 and capacitor 306. Likewise, the output of Q amplifier 226 

to maximize the test tones and thus maximize the selected is fed through AC coupling capacitor 308, and then through 

channel. a peak detection circuit consisting of diode 310 and capaci- 

As an example, there may be 10 degrees of error in the tor 312. The outputs of the two peak detectors are input into 

separate primary signal paths because of mismatches and difference amplifier 314, and then into integrator 316. Inte- 

imbalances of components in these two paths, due primarily 60 grator 316 generates gain control voltages based on the 

to manufacturing tolerances. The analog voltage from inte- difference in gain detected by the difference amplifier. The 

grator 260, which represents the phase error, is used to adjust gain control voltages are used to adjust the gain of I 

the phase shift of the LO provided to one primary signal path amplifier 216 and Q amplifier 226 to equalize the gain of the 

by phase shifter 210, thus compensating for the 10 degrees I and Q signal paths. The preferred method is to adjust the 

of phase error. Alternatively, each of the LOs to the primary 65 gain of both amplifiers differentially, as shown in FIG. 3, 

signals paths may be shifted by a portion of the total phase because this maintains balanced signal paths. Alternatively, 

error, such that the sum of the total relative phase shift the entire gain error may be corrected by adjusting the gain 
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of only the I amplifier or the Q amplifier alone. The 
above-described method is just one example of gain 
correction, and the many other methods of correcting for 
gain imbalances are understood to be within the scope of the 
present invention. 5 

Although the present invention and its advantages have 
been described in detail, it should be understood that various 
changes, substitutions and alterations can be made herein 
without departing from the spirit and scope of the invention 
as defined by the appended claims. For example, ways of ]Q 
rejecting the image channel and correcting for phase error 
other than those described herein may be implemented, and 
such embodiments are understood to be within the scope of 
the present invention. As a more specific example, with 
respect to phase shifters 210, 214, 224 and 244, it is 
understood that the relative phase shift between the two 15 
signal paths is more critical than the absolute phase shift of 
each signal path. While the preferred embodiment is shown 
with the phase shifts applied equally but opposite in the two 
signal paths (e.g., +45 degrees and -45 degrees) in order to 
keep the signal paths balanced, the two signal paths may be 20 
shifted by any amount individually as long as the total 
relative phase shift is 90 degrees (e.g., 90 degrees and 0 
degrees), and as long as the overall circuit functionality is 
not detrimentally affected. 

Moreover, the scope of the present application is not 25 
intended to be limited to the particular embodiments of the 
process, machine, manufacture, composition of matter, 
means, methods and steps described in the specification. As 
one of ordinary skill in the art will readily appreciate from 
the disclosure of the present invention, processes, machines, 30 
manufacture, compositions of matter, means, methods, or 
steps, presently existing or later to be developed that per- 
form substantially the same function or achieve substantially 
the same result as the corresponding embodiments described 
herein may be utilized according to the present invention. 3S 
Accordingly, the appended claims are intended to include 
within their scope such processes, machines, manufacture, 
compositions of matter, means, methods, or steps. 

What is claimed is: 
| 1. A single conversion radio frequency ("RF*) tuner for 40 
converting a received RF signal into an intermediate fre- 
quency ("IF") output signal, said tuner comprising: 

image rejection circuitry comprising separate in-phase 
("I") and quadrature-phase ("Q") signal paths, wherein 
said I and Q signals are phase shifted and summed to 45 
substantially cancel an image channel from said sig- 
nals; and 

phase error correction circuitry for measuring a phase 
error between said I and Q signal paths and adjusting 
the relative phase of said I and Q signal paths to 50 
substantially remove said phase error, wherein said 
phase error correction circuitry injects an injection test 
signal into said I and Q signal paths. 

2. The tuner of claim 1 wherein said injection test signal 
comprises a test tone with a frequency slightly out of band 55 
from said image channel. 

3. The tuner of claim 1 wherein said injection test signal 
comprises first and second test tones, said first test tone 
having a frequency slightly lower and out of band from said 
image channel, and said second test tone having a frequency 60 
slightly higher and out of band from said image channel, 
wherein error measurements generated by said first and 
second test tones are averaged together to correct said phase 
error. 

4. The tuner of claim 3 wherein said first and second test 65 
tones are located between about 0.2 MHZ and 2.0 MHZ 
outside a frequency band of said image channel. 



5. The tuner of claim 4 wherein said first and second test 
tones are located about 1 MHZ above and about 1 MHZ 
below, respectively, said frequency band of said image 
channel. 

6. The tuner of claim 1 wherein said injection test signal 
is injected into said I and Q signal paths when said tuner is 
processing said received RF signal. 

7. The tuner of claim 1 wherein said injection test signal 
is injected into said I and Q signal paths when said tuner is 
not processing said received RF signal. 

8. The tuner of claim 1 wherein said injection test signal 
has a frequency in-band with said image channel. 

9. The tuner of claim 2 further comprising an input low 
noise amplifier passing substantially all channels in an RF 
band to said image rejection circuitry. 

10. The tuner of claim 1 wherein said image rejection 
circuitry and said phase error correction circuitry are sub- 
stantially physically located on a single monolithic inte- 
grated circuit. 

11. The tuner of claim 10 wherein at least one filter used 
in said tuner is not located on said single monolithic inte- 
grated circuit. 

12. The tuner of claim 1, wherein said received RF signal 
is compatible with a format selected from the group con- 
sisting of: NTSC, PAL, SECAM, MTS, 8-VSB and 
COFDM. 

13. The tuner of claim 1 wherein at least two tuners are 
substantially located on a single monolithic integrated cir- 
cuit. 

14. A single conversion radio frequency ("RF") tuner for 
converting a received RF signal into an intermediate fre- 
quency ("IF") output signal, said tuner comprising: 

image rejection circuitry comprising separate in-phase 
("I") and quadrature-phase ("Q") signal paths, wherein 
said I and Q signals are phase shifted and summed to 
substantially cancel an image channel from said sig- 
nals; and 

phase error correction circuitry for measuring a phase 
error between said I and Q signal paths and adjusting 
the relative phase of said I and Q signal paths to 
substantially remove said phase error; 
wherein said image rejection circuitry further comprises: 
a primary frequency synthesizer providing a primary 

local oscillator ("LO"); 
a +45 degree LO phase shifter having a input coupled 
to said LO; 

a -45 degree LO phase shifter having a input coupled 

to said LO; 
wherein said I signal path further comprises 

an I signal mixer having a first input coupled to said 
received RF signal and a second input coupled to 
said +45 degree LO phase shifter; and 
a +45 degree I signal phase shifter having an input 
coupled to said I signal mixer; 
wherein said Q signal path further comprises 

a Q signal path mixer having a first input coupled to 
said received RF signal and a second input 
coupled to said -45 degree LO phase shifter; and 
a -45 degree Q signal path phase shifter having an 
input coupled to said Q signal path mixer. 

15. The tuner of claim 14 wherein said primary frequency 
synthesizer is a phase locked loop ("PLL"). 

16. The tuner of claim 14 wherein said I signal path 
further comprises an I signal low pass filter coupled between 
said I signal mixer and said +45 degree I signal phase shifter. 

17. The tuner of claim 14 wherein said I signal path 
further comprises an I signal amplifier having an input 
coupled to said +45 degree I signal phase shifter. 
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18. The tuner of claim 14 wherein said Q signal path 29. The tuner of claim 26 further comprising a test signal 
further comprises a Q signal low pass filter coupled between attenuator coupled between said test signal summer and said 
said Q signal mixer and said -45 degree Q signal phase first inputs of said I and Q signal mixers. 

shifter. 30. The tuner of claim 26 further comprising: 

19. The tuner of claim 14 wherein said Q signal path 5 an I error signal mixer having said summed IF signal 
further comprises a Q signal amplifier having an input output as a first input, and a second input coupled to 
coupled to said -45 degree Q signal phase shifter. said +45 degree test signal phase shifter; 

20. The tuner of claim 14 wherein said LO, said phase a q error m ix Ct having said summed IF signal 
shifters and said mixers are physically located on a single output as a first input and a second input coupled to said 
monolithic integrated circuit substrate. 1Q ^ 5 degrcc tcst signal phase shifter; 

21. The tuner of claim 14 further comprising an input an error summer having a first input coupled to an 
summer having an output coupled to said I and Q signal output of ^ { error s ^ nal mixerj a input 
mixers, a first input coupled to said received RF signal, and coupled to an output of said Q error signal mixer, and 
a second input coupled to an injection test signal received an oulput providillg a summed phase error signal 
from said phase error correction circuitry. 31 ^ mncr of claim 30 comprising a low pass 

22 The tuner of claim 14 farther comprising an input « fiher led between ^ error s ^ nal mixers ^ said L0 

switch having an output coupled to said I and Q signal phase shifters 

mixers, a first input coupled to said received RF signal, and 32 ^ Wner of c|aim 31 comprising a primary 

a second mput coupled to an injection test signal received hage emf int ator m led ^ Mid low mter and 

from said phase error correction circuitry. .,. F r . 1t . . 

-ii m. *. c i ' t a l. j • • *- .~ providing said phase error correction signal to said LO phase 

23. The tuner of claim 14 wherein said image rejection 20 r ,. ft & r °^ r 

circuitry further comprises an IF output summer having a s „ ^ 

first input coupled to +45 degree I signal phase shifter and 33 *. The tuner of c ami 32 ^ hcr comprising a test phase 

second input couple to said -45 degree Q signal phase error mtegrator coupled to said low pass filter and providing 

shifter, and a summed IF signal output, wherein said image a test P hase error correction to said test signal phase shifters, 

channel is suppressed in said summed IF signal output. 25 34 - tuner of claim 33 wherein said image rejection 

24. The tuner of claim 23 further comprising an IF output circuitry and said phase error correction circuitry are sub- 
amplifier receiving said summed IF signal output, and stantially located on a single monolithic integrated circuit, 
providing an amplified IF signal output. 35. The tuner of claim 34 wherein at least one filter used 

25. The tuner of claim 23 wherein said phase error in said tuner is not located on said single monolithic inte- 
correction circuitry further comprises: 3Q grated circuit. 

an injection test signal output coupled to said first inputs 36. A single conversion method of converting a received 

of said I and Q signal mixers; RF signal into an IF output signal, said method comprising: 

an IF test input coupled to said summed IF signal output; splitting said received RF signal into separate I and Q 

and signal components; 

a phase error correction signal output coupled to said LO 35 phase shifting said I and Q signal components; 

phase shifters wherein said phase error correction summing said I and Q signal components to generate said 

signal shifts the relative phase of said +45 and -45 IF out , si rf wherein aQ ^ channel is substan _ 

degree LO phase shifters to compensate for phase ^ canceled frQm ^ {F * m ^ 

errors detected in test signals fed through said I and Q . . , . T , ~ . t 

, r r . . 4 4 • , » * * measuring a phase error between said I and Q signal 

signal paths from said injection test signal output to . . . « . ., , ^ 

said IF test in ut 40 components, wherein said measuring said phase error 

26 THe tunerT claim 25 wherein said phase error f ? rther f^P™* 5 injecting an injection test signal 

. JU r along with said receiving said RF signal; and 

correction circuitry further comprises: . 6 , , . 

t , . , c ... ... 4 . • i adjusting the relative phase of said 1 and Q signal com- 

a test signal frequency synthesizer providing a test signal J . . t_ . ., ■ ■ . 

j^q. i- & &~ ponents to substantially remove said phase error. 

' , , , 45 37. The method of claim 36 wherein said injection test 

a +45 degree test signal phase shifter having a input ^ { ^ a test tone ^ a fo q}1CQCy sUg hUy out of 

coupled to said test signal LO; band from said image channel. 

a -45 degree test signal phase shifter having a input 38 ^ mcthod of claim 36 whercin said mjectioil tes t 

coupled to said test signal LO; signal ^ m j ecte d at a time when said received RF signal is 

an I test mixer having a first input coupled to said +45 50 being processed, 

degree test signal phase shifter and a second input 39, method of claim 36 wherein said injection test 

coupled to said +45 degree LO phase shifter; signal is injected at a time when said received RF signal is 

a Q test mixer having a first input coupled to said -45 not being processed, 

degree test signal phase shifter and a second input 40. The method of claim 36 wherein said injection test 

coupled to said -45 degree LO phase shifter; and 55 signal has a frequency in-band with said image channel. 

a test signal summer having a first input coupled to said 41. The method of claim 36 wherein said injecting said 

I test mixer and a second input coupled to said Q test injection test signal comprises summing said injection test 

mixer, said test signal summer providing said injection signal with said received RF signal, 

test signal output coupled to said first inputs of said I 42. The method of claim 36 wherein said injecting said 

and Q signal mixers. 60 injection test signal comprises switching said injection test 

27. The tuner of claim 26 wherein said image rejection signal in with said received RF signal. 

circuitry and said phase error correction circuitry are sub- 43. The method of claim 36 further comprising amplify- 

stantially physically located on a single monolithic inte- ing said received RF signal before said splitting of said 

grated circuit. received RF signal, wherein said received RF signal com- 

28. The tuner of claim 27 wherein at least one filter used 65 prises substantially all channels in a received RF band. 

in said tuner is not located on said single monolithic inte- 44. The method of claim 36 wherein said phase shifting 

grated circuit. further comprises: 
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phase shifting said I signal component by +45 degrees; 59. The method of claim 57 wherein said splitting, said 

and phase shifting, said summing, said measuring, and said 

phase shifting said Q signal component by -45 degrees. adjusting arc substantially performed on a single monolithic 

45. The method of claim 36 further comprising filtering int ^ ra J5 d cuxuit - r i . M l . . t 
out high frequencies in said I and Q signal components 5 60. The method of claim 59 wherein at least some signal 
before said phase shifting. fillerm S 15 V^xmsd off of said single monolithic integrated 

circuit 

46. The method of claim 36 further comprising amplify- w ^ method rf ^ 5? wherem ^ measuri ^ 
ingsauT IF output signal after said summing phase error further comprises: 

47 The method of claim 36, wherem said received RF ^ ^ IF efror gi d ^ ^ +45 d hasfJ 

signal is compatible with a format selected from the group 10 ^ d { . ^ Derate , em)r 

consisting of: NTSC, PAL, SECAM, MTS, 8-VSB and . ,, 8 , " . * u 

JrSzrJ 6 ' ' ' mixmg said IF error signal with said -45 degree phase 

!L rri' shifted test signal to generate a Q error signal; and 

48 Tbe method of claim 36 wherein said injection test ^ , ^ Q emr ^ i(Je a summed 

signal comprises first and second test tones, said first test phase error sienal 

tone having a frequency slightly lower and out of band from « 62 ^ raethod of claim 61 comprising ffltering 

said image channel, and said second test tone having a out ^ frequencies from said summed phase error signal, 

frequency slightly higher and out of band from said image 63 ^ met hod of claim 62 further comprising integrating 

channel, wherein error measurements generated by said first sa id summed phase error signal to generate said phase error 

and second test tones are averaged together to correct said correction signal for said shifting of said relative phase of 

phase error. 20 said ^ degree and .45 degree phase shifted LOs. 

49. The method of claim 48 wherein said first and second 64. The method of claim 63 further comprising integrating 
test tones are located between about 0.2 MHZ and 2.0 MHZ sa jd summed phase error signal to generate a test phase error 
outside a frequency band of said image channel. correction signal for shifting the relative phase of said +45 

50. The method of claim 49 wherein said first and second degree and -45 degree phase shifted test signals. 

test tones are located about 1 MHZ above and about 1 MHZ 25 65. The method of claim 64 wherein said splitting, said 

below, respectively, said frequency band of said image paase shifting, said summing, said measuring, and said 

channel. adjusting are substantially performed on a single monolithic 

51. The method of claim 36 wherein said splitting further integrated circuit. 

comprises: 66. The method of claim 65 wherein at least some signal 

mixing said received RF signal with a +45 degree phase 30 filtering is performed off of said single monolithic integrated 

shifted LO to generate said I signal component; and circuit, 

mixing said received RF signal with a -45 degree phase 67 - A single conversion method of processing an RF 

shifted LO to generate said Q signal component. signal comprising: 

52. The method of claim 51 wherein said LO is generated 3S receiving said RF signal comprising substantially all 
by a PLL. channels in an RF band; 

53. The method of claim 51 wherein said adjusting of said splitting said RF signal into an I signal component and a 
relative phase further comprises: Q signal component, wherein said I signal component 

shifting the relative phase of said +45 degree and -45 comprises an I selected channel and an I image channel, 

degree phase shifted LOs to compensate for said phase 40 and wherein said Q signal component comprises a Q 

error. selected channel and a Q image channel; 

54. The method of claim 36 wherein said splitting, said phase shifting said I and Q signal components; 

phase shifting, said summing, said measuring, and said summing said phase shifted I and Q signal components to 

adjusting are substantially performed on a single monolithic generate an IF output signal comprising said I and Q 

integrated circuit. 45 selected channels, wherein said I and Q image channels 

55. The method of claim 54 wherein at least some signal are substantially canceled from said IF output signal; 
filtering is performed off of said single monolithic integrated and 

circuit. correcting for a phase error between said I signal com- 

56. The method of claim 36 wherein said measuring of ponent and said Q signal component wherein said 
said phase error further comprises: 50 correcting for said phase error further comprises inject- 

performing said splitting, said phase shifting, and said ing an injection test signal along with said receiving 

summing on said injection test signal to generate an IF said RF signal 

error signal. 68. The method of claim 67 wherein said injection test 

57. The method of claim 56 wherein said measuring of signal comprises first and second test tones, said first test 
said phase error further comprises: 55 tone having a frequency slightly lower and out of band from 

generating a test signal with a PLL; said ima & e channel, and said second test tone having a 

phase shifting said test signal by +45 degrees; frequeooy slightly higher and out of band from said image 

r . . . , * , , . , . \ channel, wherein error measurements generated by said first 

mixing said +45 degree phase shifted test signal with said and ^ t0Qes are a ^ her tQ COfrecl ^ 

+45 degree phase shifted LO; 6Q phase enor 

phase shifting said test signal LO by -45 degrees; 69. Tbe method of claim 67 wherein said injection test 

mixing said -45 degree phase shifted test signal with said signal is injected at a time when said received RF signal is 

-45 degree phase shifted LO; and being processed, 

summing said mixed signals to generate an injection test 70. The method of claim 67 wherein said splitting further 

signal. 65 comprises: 

58. The method of claim 57 further comprising attenuat- mixing said received RF signal with a +45 degree phase 
ing said injection test signal before said injecting. shifted LO to generate said I signal component; and 
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mixing said received RF signal with a -45 degree phase 
shifted LO to generate said Q signal component. 

71. The method of claim 67 wherein said phase shifting 
further comprises: 

phase shifting said I signal component by +45 degrees; 5 
and phase shifting said Q signal component by -45 
degrees. 

72. The method of claim 67 wherein said splitting, said 
phase shifting, said summing, said measuring, and said 
adjusting are substantially performed on a single monolithic 10 
integrated circuit. 

73. The method of claim 67 wherein said correcting for 
said phase error further comprises: 

performing said splitting, said phase shifting, and said 
summing on said injection test signal to generate an IF 15 
error signal 

74. The method of claim 73 wherein said correcting for 
said phase error further comprises: 

shifting the relative phase of said +45 degree and -45 2Q 
degree phase shifted LOs to compensate for said phase 
error. 

75. The method of claim 67 wherein said measuring of 
said phase error further comprises: 

generating a test signal with a PLL; 2 5 

phase shifting said test signal by +45 degrees; 

mixing said +45 degree phase shifted test signal with said 

+45 degree phase shifted LO; 
phase shifting said test signal LO by -45 degrees; 
mixing said -45 degree phase shifted test signal with said 

-45 degree phase shifted LO; and 
summing said mixed signals to generate an injection test 

signal. 

76. The method of claim 75 wherein said correcting for 3S 
said phase error further comprises: 

mixing said IF error signal with said +45 degree phase 
shifted test signal to generate an I error signal; 

mixing said IF error signal with said -45 degree phase 
shifted test signal to generate a Q error signal; and 40 

summing said I and Q error signals to provide a summed 
phase error signal. 

77. The method of claim 76 further comprising filtering 
out high frequencies from said summed phase error signal. 

78. The method of claim 77 further comprising integrating 45 
said summed phase error signal to generate a phase error 
correction signal for said shifting of said relative phase of 
said +45 degree and -45 degree phase shifted LOs. 

79. The method of claim 78 further comprising integrating 
said summed phase error signal to generate a test phase error 50 
correction signal for shifting the relative phase of said +45 
degree and -45 degree phase shifted test signals. 

80. A single conversion RF tuner for converting a received 
RF signal into an IF output signal, said tuner comprising: 

means for splitting said received RF signal into separate 
I and Q signal components; 
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means for phase shifting said I and Q signal components; 

means for summing said I and Q signal components to 
generate said IF output signal, wherein an image chan- 
nel is substantially canceled from said IF output signal; 

means for measuring a phase error between said I and Q 
signal components, wherein said means for measuring 
said phase error further comprises means for injecting 
an injectioa test signal along with said receiving said 
RF signal; and 

means for adjusting the relative phase of said I and Q 
signal components to substantially remove said phase 
error. 

81. The tuner of claim 80 wherein said injection test signal 
comprises first and second test tones, said first test tone 
having a frequency slightly lower and out of band from said 
image channel, and said second test tone having a frequency 
slightly higher and out of band from said image channel, 
wherein error measurements generated by said first and 
second test tones are averaged together to correct said phase 
error. 

82. The tuner of claim 80 wherein said injection test signal 
is injected at a time when said received RF signal is being 
processed. 

83. A single conversion radio frequency ("RF") tuner for 
converting a received RF signal into an intermediate fre- 
quency ("IF') output signal, said tuner comprising: 

image rejection circuitry comprising separate in-phase 
( w r) and quadrature -phase ("Q") signal paths, wherein 
said I and Q signals are phase shifted and summed to 
substantially cancel an image channel from said 
signals, wherein said image rejection circuitry com- 
prises a primary frequency synthesizer providing a 
primary local oscillator ("LO") and a LO phase shifter 
providing a 90° relative phase differential with respect 
to said LO as provided to said I and Q signal paths; and 

phase error correction circuitry for measuring a phase 
error between said I and Q signal paths and adjusting 
the relative phase of said I and Q signal paths to 
substantially remove said phase error, wherein said 
phase correction circuitry operates to adjust said LO 
phase shifter. 

84. The tuner of claim 83 wherein said image rejection 
circuitry and said phase error correction circuitry are sub- 
stantially physically located on a single monolithic inte- 
grated circuit. 

85. The tuner of claim 84 wherein at least one filter used 
in said tuner is not located on said single monolithic inte- 
grated circuit. 

86. The tuner of claim 83 wherein said phase error 
correction circuitry injects an injection test signal into said 
I and Q signal paths. 

87. The tuner of claim 86 wherein said injection test signal 
comprises a test tone with a frequency slightly out of band 
from said image channel. 

***** 
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